A s the second largest economy globally, China today is one of the drivers for changing the balance of forces worldwide. The country aims to become a global player on the high-tech product market, to make the transition from an investment-based to a knowledge-based economy, and become the largest consumer market that is attractive to other major international players, including the European Union. Aware of this trend, the European Commission initiated a foresight study to assess the future of science and innovation in China until 2025, the results of which we present in this paper.
between the EU and China with the ultimate goal developing of a long-term cooperation strategy.
Through a combination of desk-study analysis, a Delphi study, media scanning, crowd-sourcing platform, and a cross impact analysis, we analysed 16 critical drivers that play a substantial role in transforming China's R&I landscape. The study showed a correlation between the different factors, and highlighted the strong impact of governance and the national economy on future developments. Taking into account these drivers and some critical uncertainties, we developed four plausible scenarios up to the year 2025. Being aware of these possible scenarios allows us to prepare in advance and establish a successful strategy for the future. 
Introduction: China on the brink of substantive changes
Fifteen years ago, this report would have been written on American laptops, probably designed and engineered by IBM. However, the company that revolutionized the PC market sold its manufacturing division to Lenovo in 2004 [Vielmetter, Sell, 2014 . Instead, today we are typing using 'Made in China' computers, another signal of the rapid changes taking place globally and of China becoming a rising star. The post-war era has witnessed the economic miracles of Japan and South Korea, which managed to become substantial actors in the global high-technology market. However, both countries lacked the dynamism and size to transform the global economy and to control the rules of the game. Today, at the start of the 21 st century, two new countries, China and India (especially China) have the potential to shift the balance of global economy [Economist, 2014; Wolf et al., 2011] . Today China is the second largest economy after the United States and is expected to become the largest economy by 2050 [Hawksworth, Chan, 2013; Franklin, Andrews, 2012; Fan et al., 2014; Stephens, 2013; Hu, 2011] . In addition, China became the world's largest trading nation in 2013, overtaking the US in what Beijing described as 'a landmark milestone' for the country [Anderlini et al, 2014] . What is however more interesting, especially in China, is the on-going structural change of the national economy based on a shift from low-labour manufacturing to an increase in the service sector, internal consumption, and the production of high tech products [Fulin, 2013; Phemone Lab, 2013; Ansfield, 2012; Cyranosk, 2014] . This transformation of the Chinese economy is ongoing and it remain to be seen whether China will manage to become a global actor in added-value high tech products. Will China lead or will it follow? During much of human history, China led the world in science and technology. However, recent Western stereotypes of a backward and unchanging China have negatively characterized the country. Indeed, during and after the industrial revolution China lagged far behind. It is only in the last few decades that it has once again caught up. Today, change is happening rapidly and according to recent OECD data, today China is ahead of the EU for the first time in terms of the share of GDP spending on Research and Development [SPI et al., 2014] . Nonetheless, the picture is complex. It is true that China has primarily excelled at adopting technologies from elsewhere, as a 'fast follower' [Global Times, 2013; Fu et al., 2013; Kostarelos, 2014; Springut et al., 2011] . However, in some fields it is on the frontier of technological knowledge, and the growth of published research is extraordinary. As for the commercialization of high tech innovative products, with its large growth and excess liquidity. China is eager to invest in new technologies to upgrade its production systems [Cyranosk, 2014; Casey, Koleski, 2011] . China (and other emerging markets) are now completing the innovation cycle by rapidly signing deals with innovative start-ups to quickly commercialize their new technologies at a rapid tempo and to scale. Another important initiative, China's Foreign Experts Program, the 1000 talents program administered by the State Administration of Foreign Experts Affairs is expected to play a major role in transforming China into an innovative powerhouse in the future. The plan provides lucrative incentives to Chinese nationals who are living abroad to return to China to carry out research within their respective fields, especially in STEM disciplines. 1 Nevertheless, several questions remain. Will Chinese research ever become a competitive world leader? Are financial growth, financial resources, and central planning sufficient to ensure growth? Are there any unforeseen risks? Some of these aspects will be covered by the current study.
Methodology
The overall work is structured around the following main research question: 'What are the main factors that will affect the Research (R) & Innovation (I) Environment in China up to 2025?' The methodology is based on the TAIDA approach developed by KAIROS Future [Lindgren, 2013 , Lindgren, Bandfold, 2003 . However, a tailor-made approach to this study also included several other research tools (e.g. crowd sourcing). We used a combination of a desk-study analysis, media scanning, a Delphi study, as well as a crowd-sourcing tool in different steps of the work to identify, define, and analyse 16 critical drivers that play a substantial role in transforming China's R&I landscape, and construct four plausible scenarios of the future. The overall work was structured as follows. The main task was to produce plausible scenarios about the Future of Research in China in 2025. Having that in mind, the trends scanning was limited to identifying the main factors that will shape the research environment in China during the next 15 years. The European Commission was the client of the study. Thus, the main interest is to provide scenarios and visualize some plausible futures to help make better strategic decisions today. For our study, we developed a definition of the Inner World, the Near World, and the contextual Environment. The main actors of the system (internal and external) were identified and analysed by the project team.
Then, we reviewed the historical development of the System (see step 2) affecting research in China to better understand current and future trends and identify unexpected developments. We also identified a relatively large list of 'strong' trends affecting (directly or indirectly) research in China. We identified the trends through different tools: secondary research, media scanning, media watch, guruing (interviews with experts), and online questionnaires. In addition, we also utilized a crowd sourcing platform (Co:tunity) throughout the study.
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Evaluation of the trends identified (in terms of importance and plausibility) happened through a minidelphi study, with input provided by a selected group of experts globally (China, Europe and elsewhere) through an online questionnaire. The 41 experts were evenly distributed across the world and had different backgrounds (research, business, consultancy, etc. ). Yet, all shared considerable experience either on China or on Foresight methodology. We monitored the selected trends throughout the study (development pattern, saturation level, speeds, etc.) We then analysed the driving forces behind the selected trends and their main consequences. In addition, tailor-made input on the current technological and innovation trends in China was provided by KAIROS Future [Lindgren, 2013] . This information was essential for identifying specific technological areas of high importance and for composing the final scenarios. Next, we carried out an in-depth analysis of the impact of the main selected trends on the Focal Question. Further, we analysed the influence of the different trends. The outcome of this analysis fed into the scenario-making process. The final report was validated by three independent experts, who provided comments and corrections on the suggested scenarios and trends.
Trends analysis and evaluation
After the initial analysis of the research environment and during the initial scoping phase, the project team agreed to focus on 16 drivers that will affect the quality and characteristics of the research environment in China by 2025. Some of these drivers are global in character but the majority are related to specific national developments. It should be noted, however, that during this scanning process, the project team looked for drivers that will either obviously affect (or already have affected) the research environment. At the same time, the project team looked for weak signals to identify some less obvious factors that could potentially have a significant or even dramatic direct or indirect effect. It should be also noted that some of the trends, studied in the context of this work, have a broader importance and affect the global system in varying ways. These megatrends (e.g. global communications) are long-term, transformational processes with global reach, broad scope, and a fundamental and dramatic impact. Table 1 shows the 16 selected trends. The evaluation results of the 16 drivers are presented in the following graphs on a scale of one to ten in terms of their importance and their probability of occurring. Although most of the drivers got a high mark both in terms of their importance and probability (this is natural as we had pre-selected the important drivers), there were still several interesting results extracted by the evaluation process. In terms of the importance of the drivers, we found the following to be most influential: the increasing need for energy and resource efficiency; structure and operation of the education system; environmental implications; framework conditions (the national regulatory framework for research); stability of the government and societal peace; and language skills ( Figure 1 ). Further, we analysed some of the aspects pertaining to trends evaluation. First, a very low importance rating was given to population growth and urbanization, despite their major impact on transforming society [Miller, 2012; Mingqi, 2013; Mai, 2013] . However, it seems that the serious indirect effects of these processes on research are far from obvious. Second, very little importance was attributed to 'human rights' and the possibility of a serious military conflict in the region. The 'Economy' and 'Private R&D investment' were also considered relatively unimportant possibly because the experts took them for granted. Figure 2 schematically presents the probability ratings given by the experts (10 representing a higher probability). The highest probability is naturally attributed to ongoing distinct trends such as the rise of 'Global Communication' , 'Connectivity' , and 'Urbanization' . Moreover, it is broadly expected that issues like the 'Environment' , 'Space and Defence' , as well as 'Need for Resources' will continue to play an increasing role in the future. On the other hand, the experts had very low expectations for positive changes on issues like 'Human Rights' , 'Governance' , and the 'Education System' as well as on 'Intellectual Property Rights' (IPR). Finally, it is also important to underline that the risks are expected to affect both the Chinese and global economy. Figure 3 summarizes the evaluation results of the trends, demonstrating the critical importance of 'Governance' and the 'National Economy' in shaping and catalyzing the research environment in Christofilopoulos E., Mantzanakis S., Strategies China, followed by 'Energy & Materials' , 'R&D Framework Conditions' , the 'Education System' , the 'Environmental Situation' , and 'Language Skills' . Tackling the need to prioritize trends, we carried out a Trend Impact Analysis (TIA) to identify the most important trends that will be central in formulating the scenarios. The following graph (Figure 4 ) summarizes the outcomes of the evaluation process, indicating the specific drivers that are of high importance and have a high probability of occurring. The trends in the upper right corner were evaluated by the experts as certain and important. The trends in the top left corner were evaluated as uncertain (or less certain) but still highly important. These two sets of trends are, according to the scenario methodology, deemed of high importance and are studied in more detail as they play an important role in formulating the four scenarios. The Cross-Impact Analysis (CIA) is an essential part of the scenario methodology that reveals how different trends affect each other and help analyse the interrelationships between them [Lindgren, Bandfold, 2003] . In the first step of the CIA analysis, we evaluated the influence of every factor or trend on the other factors, highlighting several important findings such as the strong role of the 'National Economy' and 'Private R&D Investment' in transforming the R&D environment, as well as the overall strong role of 'Governance' . The graphical visualization of the CIA ( Figure 5 ) sheds light on several other issues such as the highly interdependent role of 'IPR' . The main outcomes of the CIA analysis graphically presented above are as follows. Governance is the major clear driving force and quite independent of other drivers. 'Urbanization' , 'Global Communications' and 'R&D Framework Conditions' are also important and quite independent driving forces. The 'National Economy' is naturally a major driver as well and has the strongest interconnections with other drivers. 'Energy and Resources' is another important driver highly interconnected with several other factors such as the 'Economy' and 'Environment' . 'Private R&D Investment' and 'IPR' are both highly dependent on other drivers. Several factors that have a strong effect on the R&I environment in China up to 2025 are strongly dependent on 'Governance': 'Human Rights' , 'IPR' issues, 'Education' , and 'Peace & Conflict' . 'Environmental' issues, the 'Education' system, 'Language' Skills, 'Peace & Conflict' , and 'Human Rights' are strongly dependent on other factors ('Governance' in most cases). 
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Figure 4. Trend Impact Analysis
Source: compiled by the authors.
Notes:
The X axis represents the probability (ranking marks from 1 to 10), while the Y axis represents the importance of the same drivers on affecting the research environment (ranking marks from 1 to 10).
Color shows details about driver.
The first phase of the study also included identifying wild cards. Wild cards are events that could cause a sudden and rapid radical change. These wild cards are very improbable because if they occur they will change the world as we know it. Such wild card events can substantially change the evolution of the future and should be taken into account during strategic planning [Mendonça et al., 2004; van Rij, 2013] . During the analysis, several wild cards appeared in the discussions of lesser or greater probability. Some of them are included in the developed scenarios. Some of the most likely wild card events that might radically affect China's research environment and the whole country are listed below:
• A brief military conflict in the South-East Chinese Sea could stop foreign investment, shift research funding and the focus on defence technologies, and stop bilateral cooperation; • A nuclear accident could change the current government plans for several new nuclear plants in the near future; • Massive 'domino effect' social unrest in the country fuelled by poor economic performance and poor civil rights could radically change the governance model in China; • A collapse of the booming property market could cause a financial crisis and anger within the middle class. This non-exhaustive list of wild cards is indicative of the various diverse unlikely incidents that may occur to suddenly alter the direction of the future. Some of the wild cards have been described in scenario narratives as they could dramatically change the linear development of the future trends.
Key factors that impact the scenarios
The trend scoping process was crucial not only to identify and study a large set of factors but also to initiate a discussion with a broader group of experts that provided feedback throughout the study. After finalizing the trend analysis, we made some initial assumptions for the Future of Research in China at 2025. First, we assumed that strong state policy and investment will continue to guide research but will also limit it unless important framework changes occur [Sass, 2014; Orlik, 2013] . In the case of social unrest, research will also be affected. Moreover the state in areas such as Foreign Relations and the Space Race are expected to place some focus on defence/space related research. Second, we assumed that the expected growth of the national and global economy will also benefit research. However, more financial risks are expected to slow down the development of the research environment. Third, we assumed that the quest for resources and environmental problems (local and global) will continue to be important drivers. We expect new technologies on alternative materials, next-generation nuclear plants, as well as on renewable energy to be developed. Moreover, the Cross Impact Analysis and Causal Loop Analysis of the 16 identified trends showed that Governance and National Economy are the two key uncertain strategic trends affecting the development of the research environment. The research team ultimately selected these two strategic trends and used them as a basis for building the four scenarios.
Governance and social peace
Over the last few decades, the performance of the Chinese government has been widely considered successful given the country's impressive development [EIU, 2012; USPTO, 2014; Naisbitt, Naisbitt, 2010; Hu, 2011; Fan et al., 2014] . There is, however, great uncertainty about the future prospects for greater transparency, fair justice, and better protection of civil rights [NYT, 2014; World Bank, China State Council, 2013] . In recent years, there have been several cases of small-scale social uprisings in rural areas mainly due to pressure on ethnic minorities or corruption in local governance [NYT, 2013; Hoyos, 2014] . However, the main catalyst of change is expected to be the rising Chinese urban middle class. In China, the relationship between the middle class and state corruption is underpinned by an implicit social contract based on prosperity and social stability. During the last few decades, the Chinese Communist Party (CCP) has supported, in the context of a broader urbanization process, the development of a middle class to drive consumption and serve as a buffer against other relatively deprived groups [Deng, 2012] . Nevertheless, at the same time middle class citizens participate more in 'rights-upholding' activities and are more likely to pursue legal action to resolve disputes. Given their superior resources too, including personal connections, internet access, and financial stability, the rising middle class is expected to become the catalyst of change in governing practices.
In the years to come, the Chinese governance system under the current president, Xi Jinping, will have to make decisions about greater transparency and justice or risk moving backwards towards a more despotic state [Zhang, 2012; Johnson, 2013] (Figure 6 ). Each direction will dramatically affect the development of China's society, economy, and education, and thus will shape Chinese research in 2025.
National Economy
Both the global and national economy are considered important factors shaping research in China by 2025. However, the national economy was chosen as the second strategic trend upon which to build the scenarios because there are many ongoing structural changes in the national system, the success or failure of which will have dramatic effects upon the growth of the Chinese economy and research.
During the last few years, the Chinese economy has appeared to be quite durable, managing to deal successfully with the side effects of the global economic crisis. The Chinese economy is undergoing a heavy transformation process to sustain growth and address the worsening environmental and social problems [NYT, 2014; Phemone Lab, 2013; Vltchek, 2012; Gong, 2012; Orlik, Davis, 2013] . The transformation includes the creation of a knowledge-based economy, moving from a 'made in China' to a 'designed in China' strategy, and from an investment-based to consumption-based economy. It also involves encouraging the creation of an urban middle-class, supporting the development of the services sector, facilitating changes in the banking system and interest rates, as well as changes in the ownership rights of agricultural land [Cyranosk, 2014; Fu et al., 2013; Global Times, 2013; Yang, 2013; Hansakul, 2013] . The General Secretary of the CCP's Central Committee, Hu Jintao, stated in his report to the 18 th National Congress of 2012 that by 2020, GDP income should be double that of 2010 on the basis of a more balanced, coordinated, and sustainable development path (meaning an annual GDP growth of 7.2%) [Monan, 2012] (Figure 7) . By encouraging cleaner industries and the service sector, the government hopes to generate relatively more jobs, as well as clearer skies and waterways. However, this transition will require more bank loans, opportunities and policy support to SMEs, and less cheap loans to State Owned Enterprises (SOEs). It will also require innovative Chinese technologies to be created, successful urbanization, and unhindered cooperation with international business partners [Orlik, Davis, 2013; Sass, 2014; Global Times, 2013; Vltchek, 2012] . It should be also emphasized that the expected emergence of the Chinese consumer could be the greatest global growth engine of the 21 st century, benefiting European manufacturing and service enterprises alike.
Scenarios: China 2025
Based on the strategic uncertainties described above, we constructed four different scenarios for the future of Chinese research (Figure 8 ). The four scenarios are all set in 2025. For each, we give a short overview of the status and focal areas of Chinese research. Yin & Yang Scenarios -Under this scenario, the Chinese government under president Xi Jinping started substantial reforms in the transparency of governance and the judicial system in 2015, involving greater public participation in local governance. The economy is flourishing and is now based more on internal consumption, services, and high tech exports. Chinese research is a top global player, leading in terms of volume of public and private R&D investment and producing two Nobel Prize winners in Chemistry and Medicine. Blue Jasmine scenario -Here, the Chinese government under president Xi Jinping started substantial reforms in the transparency of governance and the judicial system in 2015, further enforced with the support of a dynamic urban middle class. Mr. Jinping has great popular support from the CCP and the public and was re-elected in 2018. However, the huge public debt of central and regional governments and the global 'Rare Earth Metals Crisis' of 2022 have stagnated the Chinese economy. Nevertheless, Chinese research is thriving driven by the substantial reforms in the national research system initiated in 2017 and by the many international research collaborations, especially in the fields of alternative materials, biotechnology, and health. Dungeons & Dragons scenario -Following these developments, the Chinese government under president, Xi Jinping, begun substantial reforms towards greater transparency and social balance in 2015. However, it proved impossible to overcome the hurdles set by a large group within the CCP and a new president was elected in 2018, leading the country in the opposite direction. The new authoritarian governance style has managed to maintain high growth rates based not only on cost innovations but also on innovations in ICT, defence, space, and transport technologies. The Breathless Queen scenario -This assumes that China is still a global power but with feet of clay, similar in many ways to the Soviet Union of the 1980s. The short-sighted and insufficient financial reforms have kept the growth rate below 3%, fuelling several social side effects. Social unrest led by the middle class and ethnic minorities are creating an explosive mixture in Chinese society. The old-fashioned research system has limited funds and cannot keep up with advances in space, energy, and biotechnology.
Conclusions
Our study provided a general insight into the future of research and innovation activities in China up to 2025. With sufficient capacities in several scientific and technical areas, the country has sound prerequisites for improving its international status by shifting away from the 'world factory' image to becoming a global player in the market of innovative technologies with high-added value. It has excellent chances to move from an economy based on investment to one based on knowledge and become the largest consumer market that is attractive to other major international players, including the European Union. At the same time, reservations about social reforms aimed at improving, for example, human rights, the quality of education, as well as the country's possible participation in hostilities could hinder scientific and technological development. Our analyses of the major trends likely to affect China's research and innovation, as well as the interrelationships between these trends, enable us to define the priorities of scientific and technological development of the country and identify their likely future development. We placed the two most influential factors -governance and the national economy -as matrices to develop four plausible scenarios of the innovative development of China by 2025. In drafting the scenarios, we took into account several wild cards -low-probability extreme events that could radically change the socioeconomic situation in the country and the selected strategic vector. The four scenarios we produced help to reduce disbelief in all the likely futures for China and allow us consider that any of them are plausible and prepare strategies to achieve them. However, scenarios are not predictions; it is simply impossible to predict the future with certainty. Thus, we should consider them powerful tools that can help us today in perceiving the likely future and prepare a successful strategy to get there. 
